The jifih annual FhysioNt.t/Ci)mputers in Cardioiogy Challenge asked f i t is passible to predict if (or when) an episode of atrial $fibrillation (AF) will end spontaneously. We prepared a set of AF recordings including examples of both sustained and spontaneously terminating AF; transitions to sinus rhythm were not shown in these examples. We posted the recordings on PhysioNet, and invited participants to classifL them. Over twenty teams participated, and most were able to disringuish between sustained and spontaneously terminating AF with high accuracy.
1.

Introduction
Several years ago, the second PhysioNetKomputers in Cardiology Challenge posed the problem of predicting the onset of paroxysmal atrial fibrillation [I] . This challenge returns to the subject of AF, focussing on predicting if and when an episode of AF will self-terminate. Unlike venticular fibrillation, which is invariably fatal if it is not interrupted, it is possible for atrial fibrillation tn be sustained indefinitely, since the ventricles continue to perform the essential function of driving the circulation, albeit inefficiently. The risks o f sustained atrial fibrillation are nevertheless serious, and include strokes and myocardial infarctions caused by the formation of blood clots within stagnant volumes in the atria. Evidence suggests that spontaneously terminating (paroxysmal) atrial fibrillation, or PAF, is a precursor to the development of sustained AF.
Although spontaneously terminating episodes of AF are often very short (perhaps a few seconds in duration), it is interesting to note that longer episodes lasting several minutes also occur. These appear to be very similar to sustained (non-terminating) AF. Subtle changes in rhythm during the final minutes or seconds of such episodes may lead to (or predict) termination of AF. Improved understanding of the mechanisms of spontaneous termination of atrial fibrillation may lead to improvements in treatment ot' sustained AF. If it were possible to recognize the conditions under which PAF is likely to seff-terminate, it might also be possible to intervene in affected individuals to increase the likelihood of self-termination of what would otherwise be sustained AF.
Methods
The challenge required a collection of A F recordings of known types. We reviewed RR interval scattergrams (see figure 1) The database is divided into a learning set (records with names of the form n*, s*, and t*) and two test sets (records with names of the form a* and b*). The learning set contains 30 records in all, with 10 records in each of three groups (see figure 2 for examples):
GruupN(records n01, n02, ... 1110): non-terminating AF (dcfincd as A F that was not observed to have terminated for the duration of the long-term recording, at least an hour following the segment).
Group S (records sol, s02, ... sI0) A F that terminates one minute after the end of the record.
Group T(records t01, t02, ... t10) AF that terminates immediately (within one second) after the end of the record. Note that these records come from the same long-term ECG recordings as those in group S and immediately fol- 
Results
Over twenty teams participated in the Challenge. Most were able to develop methods for discriminating with reasonable accuracy between PAF and sustained AF (event l), with six groups classifying 90% or more of the test set A records correctly (see table 1).
(97%)
28 (93%) 27 (90%) Most participants also attempted to classify test set B into AF episodes that terminate immediately and other episodes lhat terminate one minute after the end of the excerpt (event 2). Only three teams achieved results of 90% or better in this event (see table 2).
4.
Discussion and conclusions
Several of the most successful approaches to event 1 began by subtracting the QRS complexes from the ECG signals, followed by frequency-domain analysis of the residual signals, which were dominated by atrial activity. Evidence gathered from study of the learning set supported the hypothesis that atrial activity slows and regularizes prior to self-termination of AF, Many teams found event 2 to be significantly more difficult than discriminating between PAF and sustained AF. A few teams exploited the structure of test set B, and began by identifying which pair of records appeared to have come from each subject. Once the records had been sorted in this way, these participants looked for the record in each pair that appeared to be most similar to the PAF examples in the learning set and in test set A.
The major finding is that PAF can be distinguished accurately from sustained AF by analysis of a minute or less of the ECG. Recognition of the conditions under which AF self-terminates is a first step toward the development of therapeutic interventions that may guide the state of individuals experiencing sustained AF towards self-terminating AF.
The database will remain available for further s~udy at http://w ww.physionet.org/physiobank/database/aftdb/. 
